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ABSTRACT

The different advantageous embodiments further provide a
system for hierarchical mission management comprising a
number of mission planners, a data processing system, and a
communication system. The number of mission planners are
associated With a number of agent groups. The data process

ing system is con?gured to execute the number of mission

planners. The communication system is con?gured to provide
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HIERARCHICAL MISSION MANAGEMENT

data processing system is con?gured to execute the number of

mission planners. The communication system is con?gured
BACKGROUND INFORMATION

[0001] 1. Field
[0002] The present disclosure relates generally to mission
management and, in particular, to a hierarchical system for
planning and executing a mission. Still more particularly, the
present disclosure relates to a method and apparatus for plan
ning and executing a mission using a hierarchical mission

planning system.
[0003] 2. Background
[0004] Automated mission management systems are typi
cally presented as a single system that populates the same
solution for a speci?c mission or operation. Mission manage

ment softWare requires complete information about the task
requirements in order to optimiZe the resource allocation.
General resource allocation methods search an entire popu

lation of agents to match agent capabilities With the task
requirements provided for a mission. An agent may be any

entity that is capable of action, such as, for example, robots,
machines, vehicles, sensors, and/ or humans. Additionally, the
resource allocation algorithm used is run over all agents

to provide communication betWeen the number of mission

planners.
[0009]

The different advantageous embodiments yet fur

ther provide a method for autonomous mission management.
A mission speci?cation is received at a ?rst mission planner
associated With a ?rst level agent group. A number of ?rst
agents in the ?rst level agent group is assigned to ful?ll the

mission speci?cation. The number of ?rst agents executing
the mission is monitored using a data processing system. A
determination is made as to Whether the ?rst level agent group
Will ful?ll the mission speci?cation. In response to a deter
mination that the ?rst level agent group Will not ful?ll the

mission speci?cation, the mission speci?cation is communi
cated to a second mission planner associated With a second

level agent group.
[0010] The features, functions, and advantages can be
achieved independently in various embodiments of the
present disclosure or may be combined in yet other embodi
ments in Which further details can be seen With reference to

the folloWing description and draWings.

simultaneously. With a large population of agents, the com
BRIEF DESCRIPTION OF THE DRAWINGS

putational expense of this resource allocation is increased

proportionate to the agent population siZe and to the complex
about the mission environment or task requirements may
result in a mismatch betWeen agent capability and the tasks

[0011] The novel features believed characteristic of the
advantageous embodiments are set forth in the appended
claims. The advantageous embodiments, hoWever, as Well as

assigned, leading to higher mission cost.
[0005] For example, in the aircraft maintenance ?eld, vari
ous inspection techniques may be used to inspect objects,

a preferred mode of use, further objectives and advantages
thereof, Will best be understood by reference to the folloWing
detailed description of an advantageous embodiment of the

ity of the task requirements. Incomplete information provided

such as aircraft structures, folloWing suspected events or to
determine Whether scheduled or preventative maintenance

present disclosure When read in conjunction With the accom

may be required. Existing aircraft maintenance operations

[0012] FIG. 1 is an illustration of an aircraft manufacturing
and service method in accordance With an advantageous

may vary by oWner and/ or operator, but many may rely on

panying draWings, Wherein:

costly customiZed manual methods of inspection and main
tenance. Other existing operation techniques may rely on

embodiment;

semi-autonomous or autonomous systems, Which may pro

advantageous embodiment may be implemented;

vide limited solutions speci?c to the type of operation being
performed. Allocating resources for various semi-autono

[0014] FIG. 3 is an illustration of a mission planning envi
ronment in accordance With an advantageous embodiment;
[0015] FIG. 4 is an illustration of a data processing system
in accordance With an advantageous embodiment;
[0016] FIG. 5 is an illustration of a mission planning system
in accordance With an advantageous embodiment;

mous or autonomous systems speci?c to a limited type of

operation may be cost-prohibitive, time consuming, and inef
?cient.
[0006] Therefore, it Would be advantageous to have a
method and apparatus that takes into account one or more of

the issues discussed above, as Well as possibly other issues.
SUMMARY

[0013]

[0017]

FIG. 2 is illustration of an aircraft in Which an

FIG. 6 is an illustration of a number of mission

planners in accordance With an advantageous embodiment;
[0018]

FIG. 7 is an illustration of an arbitrator in accor

dance With an advantageous embodiment;

[0007]

The different advantageous embodiments provide a

[0019]

FIG. 8 is an illustration of a number of agent groups

method for hierarchical mission management. A mission
speci?cation having a number of tasks is received. A number

in accordance With an advantageous embodiment;

of agents associated With a number of different levels of a

dance With an advantageous embodiment;

hierarchy is identi?ed using a hierarchy speci?cation. A num
ber of mission planners associated With the number of differ
ent levels of the hierarchy is identi?ed using the hierarchy
speci?cation. The mission speci?cation is assigned to a ?rst
mission planner in the number of mission planners associated
With a ?rst level of the hierarchy.

[0008]

The different advantageous embodiments further

provide a system for hierarchical mission management com
prising a number of mission planners, a data processing sys
tem, and a communication system. The number of mission
planners is associated With a number of agent groups. The

[0020]

[0021]

FIG. 9 is an illustration of a sensor system in accor

FIG. 10 is an illustration of a number of mission

controls in accordance With an advantageous embodiment;
[0022]

FIG. 11 is an illustration of an agent controller in

accordance With an advantageous embodiment;
[0023] FIG. 12 is an illustration ofa ?owchart ofa process
for hierarchical mission management in accordance With an

advantageous embodiment;
[0024] FIG. 13 is an illustration ofa ?owchart ofa process
for autonomous hierarchical mission management in accor

dance With an advantageous embodiment; and

Apr. 7, 2011
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[0025] FIG. 14 is an illustration ofa ?owchart ofa process
for hierarchical mission management in accordance With an

advantageous embodiment.
DETAILED DESCRIPTION

[0026]

Referring more particularly to the draWings,

embodiments of the disclosure may be described in the con
text of the aircraft manufacturing and service method 100 as
shoWn in FIG. 1 and aircraft 200 as shoWn in FIG. 2. Turning
?rst to FIG. 1, an illustration of an aircraft manufacturing and
service method is depicted in accordance With an advanta

geous embodiment. During pre-production, aircraft manu
facturing and service method 100 may include speci?cation
and design 102 of aircraft 200 in FIG. 2 and material procure

item in the list may be needed. For example, “at least one of

item A, item B, and item C” may include, for example, With
out limitation, itemA or itemA and item B. This example also
may include item A, item B, and item C or item B and item C.

[0033] The different advantageous embodiments recogniZe
and take into account a number of different considerations.

For example, the different advantageous embodiments take
into account and recogniZe that currently used mission plan
ning systems may not provide continuous and/or periodic
data needed to detect and monitor intermittent conditions.

The different advantageous embodiments also recogniZe that
existing mission planning methods may not autonomously
coordinate multiple missions and/ or multiple groups of

agents executing heterogeneous operations.

ment 104.

[0034]

[0027] During production, component and subassembly

take into account and recogniZe that currently used resource

manufacturing 106 and system integration 108 of aircraft 200
in FIG. 2 may take place. Thereafter, aircraft 200 in FIG. 2
may go through certi?cation and delivery 110 in order to be
placed in service 112. While in service by a customer, aircraft
200 in FIG. 2 may be scheduled for routine maintenance and

service 114, Which may include modi?cation, recon?gura
tion, refurbishment, and other maintenance or service.
[0028] Each of the processes of aircraft manufacturing and
service method 100 may be performed or carried out by a
system integrator, a third party, and/or an operator. In these
examples, the operator may be a customer. For the purposes

of this description, a system integrator may include, Without
limitation, any number of aircraft manufacturers and major
system subcontractors; a third party may include, Without
limitation, any number of venders, subcontractors, and sup
pliers; and an operator may be an airline, leasing company,
military entity, service organization, and so on.
[0029]

With reference noW to FIG. 2, an illustration of an

The different advantageous embodiments further

allocation systems may not be robust enough for dynamically

planning and coordinating multiple remote agent groups,
each of Which may be intermittently dispatched and recalled
during a given mission. In addition, signi?cant operator
Workload is required to maintain operations of such complex
coupled systems of systems due to functional failure or other
unexpected environmental or mission operating conditions.
[0035] The different advantageous embodiments further
take into account and recogniZe that current mission manage
ment systems populate the same solution for a speci?c mis
sion or operation. Current mission management softWare

requires complete information about the task requirements in
order to optimize the resource allocation. General resource
allocation methods search an entire population of agents to

match agent capabilities With the task requirements provided
for a mission. Additionally, the resource allocation algorithm
used is run over all agents simultaneously. With a large popu
lation of agents, the computational expense of this resource

produced by aircraft manufacturing and service method 100

allocation is increased proportionate to the agent population
siZe and to the complexity of the task requirements. Incom
plete information provided about the mission environment or

in FIG. 1 and may include airframe 202 With a plurality of

task requirements may result in a mismatch betWeen agent

aircraft is depicted in Which an advantageous embodiment
may be implemented. In this example, aircraft 200 may be

systems 204 and interior 206. Examples of systems 204 may

capability and the tasks assigned, leading to higher mission

include one or more of propulsion system 208, electrical

cost.

system 210, hydraulic system 212, and environmental system

[0036] Thus, one or more of the different advantageous
embodiments provide a method for hierarchical mission man

214. Any number of other systems may be included. Although
an aerospace example is shoWn, different advantageous

agement. A mission speci?cation having a number of tasks is

automotive industry. Additionally, different advantageous

received. A number of agents associated With a number of
different levels of a hierarchy is identi?ed using a hierarchy

embodiments may be applied to other infrastructure indus
tries, such as bridges and buildings or other civilian or mili

speci?cation. A number of mission planners associated With
the number of different levels of the hierarchy is identi?ed

tary applications.

using the hierarchy speci?cation. The mission speci?cation is

[0030]

assigned to a ?rst mission planner in the number of mission
planners associated With a ?rst level of the hierarchy.

embodiments may be applied to other industries, such as the

Apparatus and methods embodied herein may be

employed during any one or more of the stages of aircraft
manufacturing and service method 100 in FIG. 1. For

example, components or subassemblies produced in compo
nent and subassembly manufacturing 106 in FIG. 1 may be
inspected While aircraft 200 is in maintenance and service
114 in FIG. 1.
[0031] Also, one or more apparatus embodiments, method
embodiments, or a combination thereof may be utiliZed dur
ing service stages, such as maintenance and service 114 and

[0037]

The different advantageous embodiments further

provide a system for hierarchical mission management com
prising a number of mission planners, a data processing sys
tem, and a communication system. The number of mission
planners are associated With a number of agent groups. The

data processing system is con?gured to execute the number of

mission planners. The communication system is con?gured
to provide communication betWeen the number of mission

in service 112 in FIG. 1, for example, Without limitation, by
substantially expediting the inspection and/ or maintenance of

planners.

aircraft 200.

ther provide a method for autonomous mission management.
A mission speci?cation is received at a ?rst mission planner
associated With a ?rst level agent group. A number of ?rst
agents in the ?rst level agent group is assigned to ful?ll the

[0032]

As used herein, the phrase “at least one of’, When

used With a list of items, means that different combinations of
one or more of the items may be used and only one of each

[0038]

The different advantageous embodiments yet fur
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mission speci?cation. The number of ?rst agents executing
the mission is monitored using a data processing system. A
determination is made as to Whether the ?rst level agent group
Will ful?ll the mission speci?cation. In response to a deter
mination that the ?rst level agent group Will not ful?ll the

mission speci?cation, the mission speci?cation is communi
cated to a second mission planner associated With a second

level agent group.
[0039]

With reference noW to FIG. 3, an illustration of a

mission planning environment is depicted in accordance With
an advantageous embodiment. Mission planning environ
ment 300 may be any environment in Which missions or

operations are planned, executed, and modi?ed using a num
ber of agents and operator 302.
[0040] Mission planning system 304 is an example of a
system used to plan an inspection mission to inspect aircraft
200 in FIG. 2 during maintenance and service 114 in FIG. 1,

316 on data processing system 308. For example, operator
302 may identify a speci?c task or mission for mission plan
ning system 304 to execute. The speci?c task or mission in
this example may be de?ned by mission speci?cation 306.
Operator 302 may be local to number of agent groups 310 or
may be very remote from number of agent groups 310. For
example, number of agent groups 310 may be in a different
location, country, or planet than operator 302, such as a num
ber of agents deployed on the moon and being tasked With

mission speci?cation 306 by operator 302 from the earth.
[0045] Number of agent groups 310 includes number of
agents 322, number of mission controls 324, and number of
levels of hierarchy 326. Number of agents 322 may include,

for example, Without limitation, robots, machines, vehicles,
sensors, humans, and/or any other suitable type of agent.
Number of agents 322 may be, Without limitation, mobile,
static, autonomous, and/or semi-autonomous. Each agent

for example. Mission planning system 304 may be imple

group in number of agent groups 310 includes a different

mented in a number of industries for a number of applica

number of agents from number of agents 322. Each agent in
number of agents 322 is assigned to one of number of levels
of hierarchy 326 based on the capabilities of the agent. In turn,
each agent group in number of agent groups 310 corresponds

tions. For example, mission planning system 304 may be

implemented in the aerospace industry, automotive industry,
military, laW enforcement, ?rst responders, search and res
cue, surveillance, and/or any other suitable industry and/or

to an individual level of hierarchy of number of levels of

application that may utiliZe planning systems.

hierarchy 326. Each agent group in number of agent groups

[0041]

310 includes an individual mission control from number of
mission controls 324.

Operator 302 may be, Without limitation, a human

operator, an autonomous machine operator, a robotic opera

Mission planning system 304 includes data processing sys

[0046] In an advantageous embodiment, number of mis
sion planners 320 generates a mission plan for number of
agent groups 310 using mission speci?cation 306. The mis

tem 308, number of agent groups 310, and communication
system 312. As used herein, number of agent groups refers to

be transmitted to number of mission controls 324 of number

tor, or some other external system. Operator 302 may provide

mission speci?cation 306 to mission planning system 304.

one or more agent groups. Mission planning system 304

includes plurality of databases 314 in the illustrative

examples. In one advantageous embodiment, mission speci
?cation 306 may be retrieved from plurality of databases 314.
Plurality of databases 314 may include a number of databases

sion plan generated by number of mission planners 320 may
of agent groups 310 using communication system 312. Com
munication system 312 provides communication betWeen
number of mission planners 320 and number of agent groups
310. Communication system 312 may provide communica

distributed across a number of netWork environments that

tions through the use of either or both physical and Wireless
communications links.

may be accessed by mission planning system 304.
[0042] Data processing system 308 may include operator
interface 316, number of devices 318, and number of mission

300 in FIG. 3 is not meant to imply physical or architectural
limitations to the manner in Which different advantageous

[0047]

The illustration of mission planning environment

planners 320. As used herein, number of refers to one or more

embodiments may be implemented. Other components in

items, such as one or more devices and/or one or more mis

sion planners, for example. Data processing system 308 may
be capable of generating information. Information may

addition and/or in place of the ones illustrated may be used.
Some components may be unnecessary in some advanta
geous embodiments. Also, the blocks are presented to illus

include, for example, Without limitation, commands, data,

trate some functional components. One or more of these

programs, and/ or other suitable types of information.
[0043] Operator 302 may use number of devices 318 to
interact With operator interface 316. Number of devices 318
may include devices such as, Without limitation, a display,

blocks may be combined and/ or divided into different blocks

When implemented in different advantageous embodiments.
[0048] For example, in one advantageous embodiment,
number of mission planners 320 may receive mission speci

data-glove, a personal digital assistant, a laptop, a joystick, a

?cation 306 from plurality of databases 314 initiating a

keyboard, a mouse, a touchscreen, an optical interface, a

scheduled mission or operation. A scheduled mission or
operation may be a routine operation or scheduled mission

visual interface, a tactile interface, and/or any other suitable
device. Operator 302 may use operator interface 316 to access

number of mission planners 320 on data processing system
308. Number of mission planners 320 may plan missions and
allocate resources accordingly. A mission may be, for
example, Without limitation, an inspection of a structure, a
search and rescue operation, a surveillance mission, a main
tenance operation, an area coverage operation, and/or any
other suitable mission or operation. A mission planner is a
process that executes on a data processing system, such as

data processing system 308, for example.
[0044] In one advantageous embodiment, operator 302
may initiate a mission planning task using operator interface

that is initiated by a date, time, or event recogniZed by plu
rality of databases 314. For example, routine maintenance on
aircraft 200 in FIG. 2 may be initiated by a date, such as an

annual maintenance date for example, stored in plurality of
databases 314.
[0049]

With reference noW to FIG. 4, an illustration of a

data processing system is depicted in accordance With an
illustrative embodiment. Data processing system 400 may be
used to implement different computers and data processing
systems Within a mission planning environment, such as mis
sion planning system 304 and/or data processing system 308
in FIG. 3.

Apr. 7, 2011

US 2011/0082717 A1

In this illustrative example, data processing system

embodiments may be embodied on different physical or tan

400 includes communications fabric 402, Which provides
communications betWeen processor unit 404, memory 406,

[0050]

gible computer readable media, such as memory 406 or per

put (I/O) unit 412, and display 414. Depending on the par

sistent storage 408.
[0057] Program code 420 may be located in a functional
form on computer readable media 418 that may be selectively

ticular implementation, different architectures and/or con

removable and may be loaded onto or transferred to data

?gurations of data processing system 400 may be used.

processing system 400 for execution by processor unit 404.
Program code 420 and computer readable media 418 form
computer program product 422 in these examples. In one
example, computer readable media 418 may be in a tangible
form, such as, for example, an optical or magnetic disc that

persistent storage 408, communications unit 410, input/out

[0051] Processor unit 404 serves to execute instructions for
softWare that may be loaded into memory 406. Processor unit
404 may be a set of one or more processors or may be a

multi-processor core, depending on the particular implemen
tation. Further, processor unit 404 may be implemented using
one or more heterogeneous processor systems in Which a

main processor is present With secondary processors on a

single chip. As another illustrative example, processor unit
404 may be a symmetric multi-processor system containing
multiple processors of the same type.

[0052] Memory 406 and persistent storage 408 are
examples of storage devices 416.A storage device may be any
piece of hardWare that may be capable of storing information,
such as, for example Without limitation, data, program code in
functional form, and/or other suitable information either on a

temporary basis and/or a permanent basis. Memory 406, in
these examples, may be, for example, a random access
memory or any other suitable volatile or non-volatile storage

device. Persistent storage 408 may take various forms

depending on the particular implementation. For example,
persistent storage 408 may contain one or more components

or devices. For example, persistent storage 408 may be a hard
drive, a ?ash memory, a reWritable optical disk, a reWritable
magnetic tape, or some combination of the above. The media

used by persistent storage 408 also may be removable. For
example, a removable hard drive may be used for persistent
storage 408.
[0053] Communications unit 410, in these examples, pro
vides for communications With other data processing systems
or devices. In these examples, communications unit 410 may
be a netWork interface card. Communications unit 410 may
provide communications through the use of either or both

physical and Wireless communications links. Communica
tions unit 410 may be used to implement communication
system 312 in FIG. 3, for example.
[0054] Input/ output unit 412 alloWs for input and output of
data With other devices that may be connected to data pro

cessing system 400. For example, input/ output unit 412 may
provide a connection for user input through a keyboard, a
mouse, and/or some other suitable input device. Further,

input/output unit 412 may send output to a printer. Display
414 provides a mechanism to display information to a user.

[0055] Instructions for the operating system, applications
and/ or programs may be located in storage devices 416,
Which are in communication With processor unit 404 through
communications fabric 402. In these illustrative examples the

may be inserted or placed into a drive or other device that may

be part of persistent storage 408 for transfer onto a storage
device, such as a hard drive that may be part of persistent
storage 408. In a tangible form, computer readable media 418
also may take the form of a persistent storage, such as a hard
drive, a thumb drive, or a ?ash memory that may be connected

to data processing system 400. The tangible form of computer
readable media 418 may also be referred to as computer

recordable storage media. In some instances, computer read
able media 418 may not be removable.

[0058] Alternatively, program code 420 may be transferred
to data processing system 400 from computer readable media
418 through a communications link to communications unit
410 and/ or through a connection to input/ output unit 412. The
communications link and/or the connection may be physical
or Wireless in the illustrative examples. The computer read

able media also may take the form of non-tangible media,
such as communications links or Wireless transmissions con

taining the program code.
[0059]

In some illustrative embodiments, program code

420 may be doWnloaded over a netWork to persistent storage
408 from another device or data processing system for use

Within data processing system 400. For instance, program
code stored in a computer readable storage medium in a
server data processing system may be doWnloaded over a
netWork from the server to data processing system 400. The

data processing system providing program code 420 may be
a server computer, a client computer, or some other device

capable of storing and transmitting program code 420.
[0060]

The different components illustrated for data pro

cessing system 400 are not meant to provide architectural
limitations to the manner in Which different embodiments

may be implemented. The different illustrative embodiments
may be implemented in a data processing system including
components in addition to or in place of those illustrated for
data processing system 400. Other components shoWn in
FIG. 4 can be varied from the illustrative examples shoWn.
The different embodiments may be implemented using any
hardWare device or system capable of executing program
code. As one example, the data processing system may

include organic components integrated With inorganic com
ponents and/or may be comprised entirely of organic compo

tion by processor unit 404. The processes of the different

nents excluding a human being. For example, a storage device
may be comprised of an organic semiconductor.
[0061] As another example, a storage device in data pro
cessing system 400 may be any hardWare apparatus that may

embodiments may be performed by processor unit 404 using
computer implemented instructions, Which may be located in

readable media 418 are examples of storage devices in a

a memory, such as memory 406.

tangible form.

[0056]

[0062] In another example, a bus system may be used to
implement communications fabric 402 and may be com

instruction are in a functional form on persistent storage 408.
These instructions may be loaded into memory 406 for execu

These instructions are referred to as program code,

computer usable program code, or computer readable pro
gram code that may be read and executed by a processor in
processor unit 404. The program code in the different

store data. Memory 406, persistent storage 408 and computer

prised of one or more buses, such as a system bus or an

input/output bus. Of course, the bus system may be imple
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mented using any suitable type of architecture that provides
for a transfer of data betWeen different components or devices

generate a mission plan that meets the requirements of a
mission speci?cation, such as mission speci?cation 306 in

attached to the bus system. Additionally, a communications

FIG. 3.

unit may include one or more devices used to transmit and

[0068] In one advantageous embodiment, operator 502
may initiate a mission planning task using operator interface
514 on data processing system 506. For example, operator
502 may identify a speci?c task or mission for mission plan
ning system 500 to execute. The speci?c task or mission in
this example may be de?ned by a mission speci?cation
received in data 504. Number of mission planners 518 may
receive data 504 and generate a mission plan to be executed
by number of agent groups 522.
[0069] Number of agent groups 522 includes number of
agents 524, number of mission controls 526, and number of
levels of hierarchy 528. Number of agents 524 may be an
illustrative example of one implementation of number of
agents 322 in FIG. 3. Each agent group in number of agent

receive data, such as a modem or a netWork adapter. Further,
a memory may be, for example, memory 406 or a cache such
as found in an interface and memory controller hub that may

be present in communications fabric 402.
[0063]

With reference noW to FIG. 5, an illustration of a

mission planning system is depicted in accordance With an

advantageous embodiment. Mission planning system 500
may be an illustrative example of one implementation of

mission planning system 304 in FIG. 3.
[0064] Operator 502 may provide data 504 to data process
ing system 506. Data 504 may be an illustrative example of
one implementation of mission speci?cation 306 in FIG. 3.
Mission planning system 500 may also include plurality of

groups 522 includes a different number of agents from num

databases 508 in some advantageous embodiments. In one

ber of agents 524. Each agent in number of agents 524 is

advantageous embodiment, data 510 may be retrieved from
plurality of databases 508. Plurality of databases 508 may

the capabilities of the agent, as de?ned in hierarchy speci?

assigned to one of number of levels of hierarchy 528 based on

include a number of databases distributed across a number of

cation 516. Each agent group in number of agent groups 522

netWork environments that may be accessed by mission plan
ning system 500. In one illustrative example, data 510 may be

also includes an individual mission control from number of
mission controls 526. Number of mission controls 526 may

a mission speci?cation, such as mission speci?cation 306 in
FIG. 3.

represent the individual mission controls for each agent group
in number of agent groups 522. Each agent group may have its

[0065]

oWn individual mission control.

In another illustrative example, data 510 may be

additional information used to generate a mission plan, such

[0070]

as, for example, Without limitation, object identi?cation
information, object maintenance information, object reliabil
ity and maintainability information, engineering and material
management information, object planning and control infor
mation, prior mission data, machine control information,

are assigned to number of levels of hierarchy 528 as number

mission process information, Weather information, resource

availability information, geo-location reference information,

In this illustrative example, number of agents 524

of level-1 agents 530, number of level-2 agents 532, and
number of level-3 agents 534. Number of level-1 agents 530
includes mission control-1 536, number of level-2 agents 532
includes mission control-2 538, and number of level-3 agents
534 includes mission control-3 540.
[0071] Number of mission planners 518 may include mis

terrain mapping data, rules of engagement information, and/

sion planner-1 542, mission planner-2 544, and mission plan

or any other suitable information.

ner-3 546. Mission planner-1 542 is associated With number
of level-1 agents 530. Mission planner-2 544 is associated
With number of level-2 agents 532. Mission planner-3 546 is
associated With number of level-3 agents 534.
[0072] Number of mission planners 518 may transmit mis

[0066]

Data processing system 506 includes number of

devices 512, operator interface 514, hierarchy speci?cation
516, and number of mission planners 518. As used herein,
number of refers to one or more items, such as one or more

devices and/or one or more mission planners, for example.
Operator 502 may use number of devices 512 to interact With

operator interface 514. Number of devices 512 may include
devices such as, Without limitation, a display, data-glove, a
personal digital assistant, a laptop, a joystick, a keyboard, a
mouse, a touchscreen, an optical interface, a visual interface,
a tactile interface, and/or any other suitable device. Display
520 may be an example of one type of device in number of
devices 512 used by operator 502 to interact With operator
interface 514.

[0067] Hierarchy speci?cation 516 describes the capabili
ties and assigned hierarchical level of each agent in number of
agent groups 522. Hierarchy speci?cation 516 includes infor
mation such as, Without limitation, the number of levels in the
hierarchy, and the number of agents in each level of the

hierarchy. Hierarchy speci?cation 516 may also specify What

sion plans using communication system 548. Communica
tion system 548 may receive and transmit information 550
betWeen number of mission planners 518 and number of
agent groups 522. Information 550 may include commands
552 and programs 554 Which are transmitted to a mission

control of the designated agent group, such as mission con

trol-1 536 of number of level-1 agents 530. During execution
of a mission plan, number of mission controls 526 may send
messages 556 to number of mission planners 518.

[0073]

Messages 556 may be sent, for example, by mission

control-1 536 to mission planner-1 542 if mission control-1
536 can not resolve a con?ict in number of level-1 agents 530

that may hinder execution of the mission plan. Mission plan
ner-1 542 may use messages 556 to modify the mission plan
in order to resolve the con?ict identi?ed by mission control-1
536. Mission planner-1 542 may then send neW commands or

type of information that an agent in a particular level of the
hierarchy can access in plurality of databases 508. For
example, agents in one level of the hierarchy may not have

programs to mission control-1 536 to execute a modi?ed

access to Weather information but only have access to area

agents 532, for example.

mission plan, or may generate a number of sub-tasks to send

to mission planner-2 544 for execution by number of level-2

maps, While agents in another level of the hierarchy may have

[0074]

access to a limited subset of area maps. Hierarchy speci?ca

ner-1 542 may receive data 504 from operator 502 using

tion 516 may be used by number of mission planners 518 to

operator interface 514 to initiate a mission or operation. Data

In one advantageous embodiment, mission plan
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504 may include, Without limitation, a mission speci?cation
With information about a number of tasks, an objective, a
structure, and/ or any other suitable information for a mission

or operation. Mission planner-l 542 may receive data 504,
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by arbitrator 616 to make decisions and determine Whether
mission plan 618 needs to be modi?ed or re-planned. If arbi

trator 616 determines that mission plan 618 requires re-plan
ning, arbitrator 616 may generate modi?ed mission plan 628

trol-l 536 for number oflevel-l agents 530 using communi
cation system 548. Mission planner-l 542 may monitor the
mission or operation during execution and may modify the

and/or number of sub-tasks 630. Modi?ed mission plan 628 is
sent to task allocator 612 and path planner 614 to generate
modi?ed task assignments and modi?ed path plans, Which are
then sent to mission-control-l 626 for execution by level-l
agent group 620.
[0081] Number of sub-tasks 630 are sent by arbitrator 616
of mission planner-l 604 to mission planner-2 606. Mission

mission or operation based on feedback received from num

planner-2 606 includes task allocator 632, path planner 634,

ber oflevel-l agents 530.
[0075] The illustration of mission planning system 500 in

and arbitrator 636. Arbitrator 636 uses number of sub-tasks

FIG. 5 is not meant to imply physical or architectural limita
tions to the manner in Which different advantageous embodi

a number of tasks. Arbitrator 636 sends mission plan 638 to

and/ or data 510, and may process the information received to
generate a mission plan that allocates a number of tasks to

number of level-l agents 530. The mission plan generated by
mission planner-l 542 may be transmitted to mission con

ments may be implemented. Other components in addition
and/or in place of the ones illustrated may be used. Some
components may be unnecessary in some advantageous
embodiments. Also, the blocks are presented to illustrate

630 to generate mission plan 638. Mission plan 638 includes
task allocator 632 and path planner 634. Task allocator 632
allocates the number of tasks for mission plan 638 to a num

ber of agents in level-2 agent group 640, forming task assign
ments 642. Path planner 634 uses mission plan 638 and task

assignments 642 to plan a physical path plan for each agent in

some functional components. One or more of these blocks

level-2 agent group 640 executing the number of tasks in

may be combined and/or divided into different blocks When

missionplan 638, forming pathplans 644.Arbitrator 636 then

implemented in different advantageous embodiments.

sends task assignments 642 and path plans 644 to mission

[0076]

control-2 646 of level-2 agent group 640.
[0082] Arbitrator 636 monitors level-2 agent group 640

With reference noW to FIG. 6, an illustration of a

number of mission planners is depicted in accordance With an

advantageous embodiment. Number of mission planners 600
mission planners 518 in FIG. 5.
[0077] Number of mission planners 600 are con?gured to
interact With number of agent groups 602. Number of agent

during execution of mission plan 638. A number of agents of
level-2 agent group 640 may provide information about the
environment in Which mission plan 638 is being executed
and/or the individual agents of level-2 agent group 640. This
information provided by level-2 agent group 640 may be used
by arbitrator 636 to make decisions and determine Whether

groups 602 may be an illustrative example of one implemen
tation of number of agent groups 310 in FIG. 3 and/or number
of agent groups 522 in FIG. 5.

trator 636 determines that mission plan 638 requires re-plan
ning, arbitrator 636 may generate modi?ed mission plan 648

may be an illustrative example of one implementation of
number of mission planners 320 in FIG. 3 and/or number of

mission plan 638 needs to be modi?ed or re-planned. If arbi

?cation 610 from operator 611 via an operator interface, such
as operator interface 514 in FIG. 5, for example. Mission

and/or number of sub-tasks 650. Modi?ed mission plan 648 is
sent to task allocator 632 and path planner 634 to generate
modi?ed task assignments and modi?ed path plans, Which are
then sent to mission-control-2 646 for execution by level-2
agent group 640.
[0083] Number of sub-tasks 650 are sent by arbitrator 636
of mission planner-2 606 to mission planner-3 608. Mission

planner-l 604 includes task allocator 612, path planner 614,

planner-3 608 includes task allocator 652, path planner 654,

and arbitrator 616.
[0079] Arbitrator 616 uses mission speci?cation 610 to
generate mission plan 618. Mission plan 618 includes a num

and arbitrator 656. Arbitrator 656 uses number of sub-tasks

[0078]

Number of mission planners 600 may include mis

sion planner-l 604, mission planner-2 606, and mission plan
ner-3 608. Each mission planner in number of mission plan
ners 600 includes a task allocator, a path planner, and an

arbitrator. Mission planner-l 604 may receive mission speci

650 to generate mission plan 658. Mission plan 658 includes
a number of tasks. Arbitrator 656 sends mission plan 658 to

ber of tasks. As used herein, a number of tasks refers to one or
more tasks. Arbitrator 616 sends mission plan 618 to task

task allocator 652 and path planner 654. Task allocator 652

allocator 612 and path planner 614. Task allocator 612 allo

ber of agents in level-3 agent group 660, forming task assign

cates the number of tasks for mission plan 618 to a number of

ments 662. Path planner 654 uses mission plan 658 and task

agents in level-l agent group 620, forming task assignments

assignments 662 to plan a physical path plan for each agent in

622. Path planner 614 uses mission plan 618 and task assign
ments 622 to plan a physical path plan for each agent in
level-l agent group 620 executing the number of tasks in

missionplan 658, forming pathplans 664.Arbitrator 656 then

mission plan 618, forming path plans 624. Each agent in an
agent group receives a path plan associated With the number
of tasks allocated to that agent. Arbitrator 616 then sends task

assignments 622 and path plans 624 to mission control-l 626
of level-l agent group 620.
[0080] Arbitrator 616 monitors level-l agent group 620
during execution of mission plan 618. A number of agents of
level-l agent group 620 may provide information about the
environment in Which mission plan 618 is being executed
and/ or the individual agents of level-l agent group 620. This

information provided by level-l agent group 620 may be used

allocates the number of tasks for mission plan 658 to a num

level-3 agent group 660 executing the number of tasks in

sends task assignments 662 and path plans 664 to mission
control-3 666 oflevel-3 agent group 660.
[0084] Arbitrator 656 monitors level-3 agent group 660

during execution of mission plan 658. A number of agents of
level-3 agent group 660 may provide information about the
environment in Which mission plan 658 is being executed
and/or the individual agents of level-3 agent group 660. This
information provided by level-3 agent group 660 may be used
by arbitrator 656 to make decisions and determine Whether
mission plan 658 needs to be modi?ed or re-planned. If arbi

trator 656 determines that mission plan 658 requires re-plan
ning, arbitrator 656 may generate modi?ed mission plan 668

